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INTRODUCTION
More than 25 studies over the last 20 years have demonstrated that both premenopausal and postmenopausal women who are physically active have a 30% to 40% lower risk of developing breast cancer compared with sedentary women.1 Furthermore, recent publications have shown that approximately 2 to 3 h/wk of moderate-intensity physical activity after a breast cancer diagnosis is associated with a 40% to 50% lower risk of breast cancer death.2-4 Similar amounts of physical activity after a diagnosis of colon cancer have been associated with an approximate 60% lower risk of death.5, 6 The beneficial effects of physical activity may be mediated through a reduction in body fat and beneficial changes in metabolic and sex hormones, growth factors, adipokines, immune function, or inflammation. 7, 8 In an effort to quantify the amount and timing of physical activity necessary for improving breast cancer prognosis, we examined the association between physical activity, assessed in the year before and 2 years after diagnosis, and mortality in an ethnically diverse sample of breast cancer survivors enrolled onto the Health, Eating, Activity, and Lifestyle
PATIENTS AND METHODS

Study Participants
The HEALStudy is a population-based, multicenter, multiethnic prospective cohort study that has enrolled 1,183 breast cancer survivors to determine whether lifestyle, hormones, and other exposures affect breast cancer prognosis.9-11 Women were recruited through Surveillance, Epidemiology, and End Results (SEER) registries in Women with first primary breast cancer were contacted to determine eligibility. Details of the study have been published previously.9-11 Briefly, in New Mexico, we recruited 615 women, age 18 years or older, diagnosed with in situ to regional breast cancer between July 1996 and March 1999, and living in Bernalillo, Sante Fe, Sandoval, Valencia, or Taos Counties. In Western Washington, we recruited 202 women, between the ages of 40 and 64 years, diagnosed with in situ to regional breast cancer between September 1997 and September 1998, and living in King, Pierce, or Snohomish Counties. In Los Angeles County, 366 black women with in situ to regional breast cancer, who had participated in the Los Angeles portion of the Women's Contraceptive and Reproductive Experiences Study (a case-control study of invasive breast cancer) or who had participated in a parallel case-control study of in situ breast cancer, were recruited for the HEAL Study. Eligible participants from these two studies were the subset of black women who were diagnosed with breast cancer between May 1995 and May 1998. Both Washington and Los Angeles restricted eligibility to women age 35 to 64 years at diagnosis because of competing studies and by design of the parent study. A total of 1,183 women completed in-person baseline interviews, which were conducted 6 _ 2 months (median, 5 months) after diagnosis. Among these women, 933 were diagnosed with local and regional breast cancer. A total of 944 women completed the follow-up interview conducted 3 years after diagnosis (median, 2.5 years). In the interval between the baseline and 3-year interview, 54 of these women experienced a recurrence or new breast primary. These women contributed to analyses regarding physical activity before diagnosis but not to analyses of physical activity after diagnosis. Also, 202 women were excluded from postdiagnosis analyses because of missing physical activity data (n _ 8) and a diagnosis of in situ breast cancer (n _ 194). Thus, our prediagnosis and postdiagnosis physical activity analyses are based on a sample of 933 and 688 breast cancer survivors, respectively (Fig 1) . The study was performed with the approval of the institutional review boards of participating centers, in accord with an assurance filed with and approved by the US Department of Health and Human Services.
Data Collection
Physical activity. We collected information on all types of physical activity, including recreational, occupational, and household activities, using the interview-administered Modifiable Activity Questionnaire developed by Kriska.12 This questionnaire has been shown to have high validity and reliability (r_0.73 with doubly labeled water and r_0.92 for 3-week test-retest).12 Participants recalled the type, duration, and frequency of physical activities for the year before diagnosis at the baseline interview (Washington and New Mexico) and at the 3-year postdiagnosis interview (all three sites). Data from Los Angeles for prediagnosis physical activity were collected using a lifetime physical activity questionnaire that provided sufficient detail to classify activity according to the Modifiable Activity Questionnaire. 13 Covariates. Trained staff measured weight and height at the baseline (Washington and New Mexico) and 3-year postdiagnosis assessments (all three sites). Measurements of weight and height were made to the nearest 0.1 kg and 0.1 cm, respectively, with women wearing light indoor clothing and no shoes. All measurements were performed twice and averaged for a final value. Medical history, demographic, and lifestyle information was collected at the baseline and 3-year visits. Information on disease stage, hormone receptor status, adjuvant therapy, and hormonal therapy was abstracted from SEER records and from physician and hospital medical records. Information on diet was collected at the 3-year follow-up assessment using a 120-item self administered food frequency questionnaire.16
Statistical Analyses
Cox proportional hazards models were fit to our data using time since the baseline or 3-year interview as the underlying time variable.Wecalculated the hazard ratio(HR)of death in one exposure group and compared it with the HR in a referent exposure group adjusting for potential confounding factors. Two outcomes were defined; these were total deaths and breast cancer deaths (with deaths from other causes censored). Physical activity was measured as activity in the year before diagnosis, activity in the second year after diagnosis, and change in physical activity between these two reference points. We conducted analyses with physical activity classified in tertiles, as the recommended amount of physical activity (ie, 0, _ 0 to _ 9, and _ 9 MET-h/wk, with 9 MET-h/wk equal to approximately 150 min/wk of moderate-intensity physical activity), 17 and in physical activity categories similar to the Holmes et al2 publication (ie, 0,_0 to_9,_9 to_15,_15 to_24, and_24 MET-h/wk). Results were similar for each of the classification approaches used and for different types of physical activity; thus, we present our results using categories of recommended recreational physical activity. Categories for change in physical activity from before to after diagnosis were classified as inactive (ie, 0 MET-h/wk before and after diagnosis), a decrease in activity of more than 3 MET-h/wk, maintenance of activity within 3 MET-h/wk, or an increase in activity of at least 3 MET-h/wk. For all three physical activity analyses, the 0 MET-h/wk category was the reference group. We evaluated the relationship between physical activity and death using an age-adjusted model and a multivariable model with adjustments for age, race, disease stage, treatment, tamoxifen use at the baseline or 3-year interview, body mass index at the 3-year follow-up interview, fruit/vegetable servings per day at the 3-year follow-up interview, and prediagnosis physical activity for analysis of change in physical activity. Other covariates considered were study site, education, parity, age at first full-term pregnancy, family history of breast cancer, estrogen receptor (ER) status, menopausal status, history of smoking, history of oral contraceptive use, and diet. However, because none of these covariates altered theHRbymorethan10% and because some of the covariates were strongly associated with covariates already included in the analyses (eg, race and study site), they were not included in the multivariable-adjusted models. To minimize the possible influence of recurrent disease on postdiagnosis physical activity, we did a subgroup analysis excluding women who had an adverse event (recurrence, new primary, or death) within the 2 years after completing the postdiagnosis physical activity questionnaire. We also considered whether the association between postdiagnosis physical activity and death varied according to certain demographic and prognostic variables. We tested for heterogeneity of trends in risk using a 1-df _2 test. In addition, a Kaplan-Meier survival analysis examining 5-year survival, stratified by physical activity category, was conducted. All analyses were performed using SAS Version 8.2 (SAS Institute, Cary, NC). Table 1. Table 2 lists the age-and multivariableadjusted HRs for total deaths and breast cancer deaths by recreational physical activity in the year before diagnosis. Women who engaged in at least 9 MET-h/wk of physical activity had a 31% lower risk of death (HR _ 0.69; 95% CI, 0.45 to 1.06; P for trend _ .045) compared with women who were inactive in the year before diagnosis. Results were essentially unchanged after excluding women who had an adverse event (ie, recurrence, new primary, or death) within 2 years of diagnosis (n_49). Results for analyses examining the association between physical activity during the second year after diagnosis and adverse outcomes are listed in Table 3 . Women who reported participating in any recreational physical activity or at least 9 MET-h/wk 2 years after diagnosis had 64% and 67% lower risk of death than inactive women (HR _ 0.36; 95% CI, 0.17 to 0.73; and HR _ 0.33; 95% CI, 0.15 to 0.73; P for trend_.0046), respectively. Results were essentially unchanged even after excluding women who experienced a recurrence, new primary, or death within 2 years after completing the postdiagnosis physical activity questionnaire (n _24). Furthermore, results were similar when we used the five physical activity categories (similar to the Nurses' Health Study categories) of less than 3, 3 to 8.9, 9 to 14.9, 15 to 23.9, and more than 24 MET-h/wk. Compared with women who engaged in less than 3 MET-h/wk of physical activity, the multivariable adjusted HRs of total deaths were 0.39 (95% CI, 0.16 to 0.95) for 3 to 8.9 MET-h/wk, 0.38 (95% CI, 0.11 to  1.28) for 9 to14.9MET h/wk,0.78(95%CI, 0.33 to 1.84) for 15 to 23.9 MET-h/wk, and 0.27 (95% CI, 0.08 to  0.94) for 24 or more MET-h/wk (P for trend_.038). Table 4 lists the HRs of adverse outcomes according to change in physical activity from before to after breast cancer diagnosis. Women who decreased their physical activity were at an approximate four-fold increased risk of experiencing a death than inactive women (HR_3.95; 95% CI, 1.45 to 10.50). Results were similar after excluding women who had an adverse event (ie, recurrence, new primary, or death) within the 2 years after completing the postdiagnosis physical activity questionnaire (n_24). African American race and prediagnosis physical activity were statistically significant covariates. The protective benefit of physical activity seemed to be stronger in certain subgroups, including women diagnosed with a higher stage of disease and women with tumors that were ER positive (Table 5 ). However, we did not have the power to demonstrate statistically significant differences in these stratified analyses because of the small number of events in some of the subgroups. The unadjusted 5-year survival rates for women who engaged in 9 or more MET-h/wk, more than 0 but less than 9 MET-h/wk, and 0 MET-h/wk after diagnosis were 94%, 89%, and 71%. Fast walking was the most common postdiagnosis recreational activity performed by HEAL participants. Bicycling and yoga were the second and third most common recreational activities reported, respectively.
RESULTS
Among the 933 women included in this analysis, there were 164 deaths (115 from breast cancer), 56 breast cancer recurrences, and 40 new breast primaries. The distribution of covariates according to category of physical activity in the year before diagnosis is shown in
DISCUSSION
We found that women who participated in any moderate-intensity recreational physical activity, such as brisk walking, after diagnosis had an approximately 64% lower risk of death than inactive women. Furthermore, exercising at recommended amounts of 2.5 h/wk of moderate-intensity physical activity compared with no exercise was associated with a slightly higher risk reduction of 67%.17 Although our risk reductions were observed for total deaths, the majority of deaths were from breast cancer. Our results of an inverse association between postdiagnosis physical activity and total deaths are similar to the three other reports examining this relationship2-4 and two reports examining postdiagnosis physical activity and colon cancer deaths5,6; however, the amount of exercise necessary for reducing the risk of death differed for our study compared with the other reports. We observed an association with any recreational physical activity, whereas the other studies observed associations with approximately 2 to 3 hours per week of physical activity. The HEAL Study included a more detailed assessment of physical activity than the other studies, asking about 20 different types of activities and their average duration per session, thus allowing us to more accurately categorize women as inactive, somewhat active, or active at recommended levels. Furthermore, our final results focused on recreational physical activity (eg, brisk walking for exercise) rather than any type of physical activity (eg, gardening). Additional differences between the HEAL Study and the other breast cancer studies include sample size and date of diagnosis; our cohort of women with breast cancer (N _ 933) was smaller than the cohort of women enrolled onto the other breast cancer studies (N _ 1,490 to 4,482), and HEAL participants were diagnosed in a more recent time period (1996 to 1999) than some of the other studies (1984 to 1998). Because study recruitment occurred between 1995 and 1999, the majority of women with hormone receptor-positive breast cancer were taking tamoxifen, and during the study followup period, less than1%of the sample reported switching from tamoxifen to aromatase inhibitors. Among women with known ER status, an inverse association between participating in physical activity and death was observed among women whose tumors were ER positive but not among women whose tumors were ER negative. Similar findings were observed for breast cancer death. The Nurses' Health Study also observed stronger influences of physical activity on breast cancer death among women whose tumors were ER positive (relative risk_0.50; 95% CI, 0.34 to 0.74).2 Associations between physical activity and breast cancer outcomes were hypothesized to be stronger in women with ER-positive disease because of the observed beneficial effect of exercise on estrogen levels. 18 Thus, the association between physical activity and reduced risk for death may be explained by effects on sex hormones. However, physical activity may affect death via additional mechanisms including reduced insulin levels or reduced inflammation markers.8 A strength of the HEAL study is that we assessed whether change in physical activity from before to after diagnosis was associated with adverse outcomes relative to women who remained inactive before and after diagnosis. We found an increased risk of death with decreasing physical activity after adjusting for important covariates. We have previously reported that HEAL women who decreased their physical activity levels from before to after diagnosis gained more weight than women who increased their physical activity levels.10 Thus, weight gain may partly explain the increased HR observed among women who decreased their physical activity levels.19,20 These findings emphasize the importance of participating in physical activity after a diagnosis of breast cancer to gain the maximum benefits of physical activity on survival. Although one study has examined change in physical activity on colon cancer prognosis,5 no other study has examined change in physical activity on breast cancer prognosis, and few studies have examined physical activity before diagnosis and prognosis in cancer survivors.21,22 Non significant associations were observed for physical activity in the year before diagnosis and survival by Abrahamson et al 21 and Enger and Bernstein. 22 Other strengths of the HEAL study include the quality of the physical activity data. Although we report recreational physical activity, similar associations were observed with any type of moderate intensity physical activity. Other strengths include measured weight at the 3-year visit, a multiethnic cohort of breast cancer survivors, and results adjusted for various prognostic and lifestyle factors including dietary patterns. Compared with the Women's Healthy Eating and Living observational analysis of greater survival after breast cancer among physically active women with high vegetable/fruit intake, the protective benefit of participating in physical activity among HEAL women was similar among women eating less than five versus five or more vegetable/fruit servings per day relative to women reporting less than five vegetable/fruit servings per day and no physical activity. In the HEAL study, physical activity was statistically significantly associated with total deaths but not breast cancer deaths. Given that the majority of deaths were from breast cancer, our lack of statistical significance is most likely a result of the fewer number of deaths, and therefore, there was insufficient power to examine the association between physical activity and breast cancer deaths. Other limitations include lack of uniform eligibility criteria, the inability to separate race and study site, and self-report of physical activity. In conclusion,our results suggest that participating in any moderate intensity recreational physical activity, such as brisk walking, after a diagnosis of breast cancer is associated with a lower risk of death. Encouraging women to maintain or increase their physical activity after a diagnosis of breast cancer may be beneficial to their overall health. Future studies examining the association between physical activity and breast cancer outcomes are needed, as are randomized controlled trials examining the potential effect of physical activity on prognosis in women.
